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APPENDIX 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE CLAIMS : 

The claims are amended as follows: 

11. (Amended) A method according to Claims 1 lO CMnI, characterized in that 
tiie temperature of the pulp suspension is very high from a bleaching aspect, preferably 80-90°C, 
at the location at which the bleaching agent is added and immediately downstream of said 
location, and in that the solid content or concentration is low, preferably 2-4%, at said location. 
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Washington, D.C. 20231 

Sir: 

Prior to examination, kindly amend the above-identified appUcation as follows: 

IN THE CLAIMS ; 

Please enter the following amended claims: 

3. (Amended) A method according to claim 1, characterized by passmg the pulp 
suspension immediately subsequent to said steam separation to a second refiner for further 
>refmement (defibration) of said pulp and from there to Mthsr steam separation, 

5. (Amended) A method according to claim 1 , characterized by also passing the 
pulp suspension to a slusher (latency pulper) located immediately upstreatm of the storage vessel 
(the latency chest). 

7. (Amended) A method according to claim 1, characterized by causing reject 
pulp suspension firom the screening department to pass through a refmer and thereafter through a 
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slusher whereafter said reject pulp suspension is finally fed into the main pulp suspension flow, 
preferably upstream of and in connection with the storage vessel (the latency chest) or in the 
storage vessel (the latency chest). 

1 0. (Amended) A method according to claim 8, characterized by adding the 
bleaching agent to the reject pulp suspension in a pump located in connection with the slusher in 
this circuit. 

12. (Amended) A method according to claim 1 , characterized in that the bleaching 
agent is dithionite, for instance sodium dithionite=Na2S204. 
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APPENDIX 

VERSION WITH MARKINGS TO SHOW CHANGE S MADE 

TN THE CLAIMS ; 

The claims are amended as follows: 

3. (Amended) A method according to Claimo 1 2 cldml, characterized by 
passing the pulp suspension immediately subsequent to said steam separation to a second refiner 
for further refinement (defibration) of said pulp and fi:om there to further steam separation. 

5. (Amended) A method according to Claimo 1 ^ cMnl, characterized by also 
passing the pulp suspension to a slusher (latency pulper) located immediately upstreatm of the 
storage vessel (the latency chest). 

7. (Amended) A method according to Claimo 1 6 clMn-l> characterized by 
causing reject pulp suspension from the screening department to pass through a refiner and 
thereafter through a slusher whereafter said reject pulp suspension is finally fed into the main 
pulp suspension flow, preferably upstream of and in connection with the storage vessel (the 
latency chest) or in the storage vessel (the latency chest). 

* 10. (Amended) A method according to Claimo 8 Q cMnS, characterized by adding 
the bleaching agent to the reject pulp suspension in a pump located in connection with the 
slusher in this circuit. 

12. (Amended) A method according to Claimo 1 1 1 claiml, characterized in that 
the bleaching agent is dithionite, for instance sodium dithionite=Na2S204. 
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Method for manufacturing bleached mechanical and chemithermomechanical pulp 



Technical field 



mechanical and chemithermomechanical pulp. By mechanical pulp is meant chiefly a pulp 
with which the fibres in the incoming lignocellulose material are defibrated by means of 
5 one or more refiners, for instance in accordance with the thermomechanical pulp 
manufacturing process. Large parts of the chemithermomechanical pulp manufacturing 
process are similar to the thermomechanical pulp manufacturing process. The main 
difference lies in treating the lignocellulose material, normally wood chips, with a sodium 
sulphite solution in a first stage, for instance at a certain temperature and over a certain 

10 period of time. Consequently, the pulp yield will usually be one or some percent lower 
than in the case of thermomechanical pulp. Any lignocellulose material whatsoever can be 
used as starting material. Examples of such materials are bamboo, straw, bagasse, kenaf 
and wood. Wood is the preferred starting material, and both softwoods and hardwoods can 
be beneficially used, either separately or in combination. The wood is normally chopped 

15 initially in the pulp manufacturing process into an indeterminate number of chips. 



majority of refiners comprise two refining discs, between which the material to be treated 
is caused to pass. Normally, one disc remains stationary whilst the other rotates at high 
speed. In another type of refiner, the two refining discs are counter-rotational. A third type 



The present invention relates to a method for manufacturing bleached 



Any known refiner or refiners can be used to defibrate the fibres. The 
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of refiner comprises four refining discs in which a centrally placed rotor has refining discs 
mounted on both sides thereof. 

The pulp can be bleached with any known reducing bleaching agent. 
Examples of such bleaching agents are dithionite (which is sometimes called hydrosulfite 
and which is preferred), borohydride, hydrazine and formamidine sulfmic acid. 

According to the invention, it is not necessary to bleach the pulp in addition 
to treatment with a reducing bleaching agent, although the pulp may be bleached further in 
one or more stages with the aid of an oxidizing bleaching agent, such as some peroxide, or 
with a reducing agent such as dithionite. 

Background art 

It is known to use an oxidizing bleaching agent, primarily some peroxide, and 
a reducing bleaching agent, primarily dithionite, in the manufacture of bleached 
mechanical pulp, for instance thermomechanical pulp. It is also known to bleach one and 
the same mechanical pulp with both types of bleaching agent, i.e. in an oxidizing bleaching 
stage followed by a reducing bleaching stage, or vice versa. 

This also applies to the manufacture of chemithermomechanical pulp. 
Peroxide, normally hydrogen peroxide, is a highly effective bleaching agent that bleaches 
the pulp to high brightness. However, peroxide bleaching normally requires the use of 
separate bleaching towers and also other bleaching plant equipment, which resuhs in high 
capital investment costs. 

Concerning reductive bleaching agents and then primarily dithionite - 
normally sodium dithionite - besides the use of bleaching tower the bleaching agent can be 
added directly to the pulp suspension, for instance in a storage tower, therewith obviating 
the use of bleaching tower and other bleaching equipment. This latter alternative results in 
a lowering of the capital investment costs. Such known dithionite bleaching is normally 
effected in a temperature range of 40-60°C. In order to enhance the bleaching response, i.e. 
the bleaching efficiency, it has been suggested that the dithionite is charged directly to a 
refiner (see U.S. Patent 5,129,987 owned by Joachimides et al, and a lecture entitled 
"Reductive Bleaching in Refiners", Tappi Pulping Conference 1998, pp. 509-515). This 
method of procedure leads to an increased bleaching efficiency in comparison with a 
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typical dithionite bleaching process, but manifested also drawbacks in the form of scaling 
within the refiner and a tendency towards corrosion damage. 

In order to be successful when bleaching pulp with, for instance, dithionite, it 
is necessary to check and control the pH-value of the pulp suspension, the access of air to 
the pulp suspension, which should be restricted to the greatest possible extent, and the 
presence of hazardous and undesired metals in the pulp suspension, for instance transition 
metals. 

Transition metals, particularly iron and manganese, are detrimental to the 
bleaching of mechanical pulp with, e.g., as well hydrogen peroxide as dithionite. The 
presence of manganese ions in significant quantities is particularly serious when bleaching 
pulp with hydrogen peroxide, whereas it is the iron ions that are particularly harmful when 
bleaching pulp with dithionite. These transition metals are normally removed fi'om or 
neutralized in the pulp and the pulp suspension, by complex-binding the transition metals 
with a complexing agent, for instance in the form of ethylenediaminetetraacetic acid 
(EDTA) and/or diethylene triamine pentaacetic acid (DTPA). It has also been suggested 
that a reducing chemical, such as sodium hydrosulfite or sodium sulphite for instance, is 
added to the pulp suspension in addition to a complexing agent. Successes have also been 
achieved by treating wood chips solely with a complexing agent and with both of the 
aforesaid chemicals. 

Disclosure of the invention 
Technical problems 

Although it is known that reductive bleaching agents can be used in order to 
significantly limit the capital investment costs of the bleaching process, the fact that these 
bleaching agents typically exhibit a limited bleaching effect resuhs in a significant total 
bleaching cost. A limited bleaching effect also results in difficulties in achieving the very 
high brightnesses desired of bleached mechanical or chemithermomechanical pulps. 

The solution 

The present invention provides a solution to these problems and relates to a 
method for manufacturing bleached mechanical and chemithermomechanical pulp which 
comprises passing lignocellulose material, preferably wood in the form of chips, through at 
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least one preheater alternatively through a chemical treatment system, a steam separator 
and a refiner where the lignocellulose material is converted to a pulp suspension which, 
subsequent to steam extraction, is passed to at least one storage vessel (latency chest) and 
to a screening department, from which the major part of the pulp suspension is removed as 
5 a substantially finished product or is removed and passed to further treatment stages, 
wherein reductive bleaching agent is added to the advancing pulp suspension without the 
aid of a bleaching tower or the like and wherein the method is characterized by adding the 
bleaching agent at a location downstream of the refiner and upstream of the screening 
department, and by bleaching the pulp under the given drastic condition from the aspect of 
10 temperature and the given minimized oxygen access in respect of said location and 
immediately downstream of said location. 

In one preferred embodiment of the invention, a complexing agent is added 
to the lignocellulosic material upstream of and/or in the refiner Any known complexing 
agent can be used. Preferred complexing agents are the earlier mentioned ETDA and 
15 DTPA and nitrilotriacetic acid (NTA). Complexing agents may be used in mixture, 
f Lp Moreover, complexing agents may be divided and added to the lignocellulose material at 

two or more locations. The steam separator, normally a cyclone of some kind, and the 
Q refiner are examples of locations at which a complexing agent may be added. A suitable 

complexing agent charge is from 0.04-1 percent by weight calculated on dry starting 
20 material, for instance wood. 

It is also possible to add a complexing agent to the pulp suspension at the 
same location at which the bleaching liquid is introduced into the pulp suspension, 
optionally in mixture with the bleaching liquor. 

In one embodiment of the invention, subsequent to steam separation, which is 
25 preferably effected with the aid of some kind of cyclone, the pulp suspension is passed to a 
second refiner for further refining of the pulp (defibration) and thereafter to a further steam 
separation stage, preferably effected with the aid of some kind of cyclone. It is preferred to 
add complexing agent to the pulp suspension immediately upstream of and/or in the second 
refiner. With respect to a suitable complexing agent and a suitable charge, reference is 
30 made to what has earlier been said in this regard. When adding complexing agent in two 
batches, the charge, or amount, added on each occasion will normally be lower than when 
all complexing agent is added to the pulp suspension at one time only. 
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It is very usual in the manufacture of bleached thermomechanical pulp for 
instance, to treat the pulp suspension in a slusher (latency pulper) located immediately 
upstream of the storage vessel (latency chest). In this case, the pulp suspension is either 
transported from the steam separation stage downstream of the first and sole refiner, or 
5 from the steam separation stage downstream of the second refiner to said slusher. 

The pulp suspension is normally transported with the md of a pump placed 
inmiediately downstream of the slusher, through a pipe that leads to the storage vessel. 

According to the invention, it is preferred to add the reductive bleaching 
agent to the pulp suspension precisely in this pump. However, the bleaching agent may be 
to added to the pulp suspension at several other alternative locations while still achieving a 
very good bleaching effect. 

The conduit that leads to the slusher may comprise a screw conveyor and the 
bleaching agent may be added to the pulp suspension in said conveyor. Dilution water is 
normally delivered to the slusher, and the bleaching agent may be added to said water, 
15 which is later delivered to the pulp suspension. Furthermore, the bleaching agent may be 
delivered directly to the slusher. It will be understood that the bleaching agent charge may 
be divided and delivered to the pulp suspension at two or more of the aforesaid locations, 
for instance. 

The phrase "the advancing pulp suspension" used in the aforegoing and also 
20 in the main claim shall be given a wide meaning. This phrase shall not solely be seen to 
mean when the pulp suspension flows forwards in a conduit or a pipe, but also when the 
pulp suspension is held in a vessel and container, for instance in the form of slusher and 
storage vessel, since even in these latter cases the pulp suspension still moves forwards in 
the sense that it is fed into the vessel at one location and exits from said vessel in another 
25 location. 

Examples of reductive bleaching agents that are suitable for use have already 
been recited in this document, and it will be apparent that dithionite is the preferred 
bleaching agent. Dithionite is commercially available primarily as sodium dithionite, i.e. 
Na2S204. The bleaching agent concerned is introduced into the pulp suspension in the form 
30 of an aqueous solution, the concentration of which will suitably lie within the range of 
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20-120 g/1. The amount of bleaching agent added to the pulp suspension will depend, 
among other things, on the difficulty in bleaching the pulp in question and also on desired 
pulp brightness. 

Pulp bleaching parameters such as temperature, time, pulp consistency, pH, 
5 etc., are mainly determined by the conditions that prevail naturally when producing 
thermomechanical pulp (TMP), as in the described case. At the aforesaid locations at 
which the bleaching agent is added to the pulp suspension, the temperature will, of course, 
be very high, e.g. 80-95**C, and the consistency of the pulp low, e.g. 2-4%. The bleaching 
time will be short as a result of this very high temperature among other things, and will 
probably range from a time span of some seconds up to some minutes. The bleaching time 
will probably also depend partly on the rate at which the pulp suspension flows at the 
location where the bleaching agent is added. The pH-value will naturally lie within the 
range of 4-7. In some cases, it may be advisable to adjust the pH-value by adding either an 
acid or an alkali to the pulp suspension at the location concerned. When using dithionite as 
a bleaching agent, the pH-value should lie from 4,5 and upwards, in order to achieve an 
optimal bleaching result. Although a pH-value as high as 8.5 can be used for bleaching 
purposes, a pH of this magnitude is less suitable for other reasons. 

The bleached pulp suspension is transported directly to the screening 
department from the latency chest. Pulp screening will result in a flow of accept pulp and a 
flow of reject pulp. The weight distribution between the two pulp flows will vary, among 
other things depending on how the pulp was produced, for instance whether one or two 
refining stages were used. It is not unusual for about 40% of the pulp entering the 
screening department to be taken out in the form of reject pulp. 

The accept pulp can be passed to a dewatering filter and from there to a 
storage tower, from which the pulp is transported to a paper machine, for instance. 

The reject pulp is passed back in the process in the form of a suspension and 
is caused to pass through a refiner and then through a slusher, whereafter it is finally 
introduced into the main pulp suspension flow, preferably upstream of and in the vicinity 
of the storage vessel (latency chest) or directly into the storage vessel (latency chest) itself 

In a preferred embodiment of the invention, bleaching agent is added to the 
reject pulp suspension at a location downstream of the refiner in the circuit and prior to 
said reject pulp suspension being introduced into the main pulp suspension flow. 
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The bleaching agent may be an oxidizing bleaching agent, for instance some 
peroxide, such as hydrogen peroxide, ahhough it is preferred that the bleaching agent is a 
reducing bleaching agent, for instance dithionite. The bleaching agent is suitably delivered 
to the reject pulp suspension in a pump located just downstream of the slusher in the 
circuit. Alternatively, the bleaching agent may be added in the conduit between the refiner 
and the slusher or in the actual slusher itself 

Advantages 

The use of the bleaching agent in accordance with the invention leads to a 
very good bleaching response, in other words to a very high bleaching effect. This can be 
utilised in several ways. For instance, only a minimum amount of bleaching agent need be 
added to achieve a given brightness. This results in low bleaching costs which, in turn, 
contribute towards keeping down the total pulp manufacturing costs. It also means that a 
given bleaching agent charge will result in a pulp of greater brightness than when 
employing conventional technology. A comparatively very high pulp brightness is 
achieved with a high bleching agent charge, which can be desired in respect of the 
manufacture of certain types of paper. By further bleaching the pulp that has been 
manufactured in accordance with the invention, for instance with an oxidizing bleaching 
agent, it can be possible to manufacture a mechanical pulp that has a surprisingly high final 
brightness. 

Description of the drawing 

Figure 1 of the accompanying drawing is a flow sheet showing the 
manufacture of bleached thermomehanical pulp. 

Best embodiment 

There will now be described with reference to the flow sheet of Figure 1 
partly the manufacture of bleached thermomechanical pulp in accordance with known 
technology and partly the manufacture of bleached thermomechanical pulp in accordance 
with the invention, including preferred embodiments thereof Six examples are given at the 
end of this description, one being in accordance with known technology and the remainder 
in accordance with the invention. 
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Suitable lignocellulosic material, for instance wood in chip form, is fed 
through the conduit 1 to the preheater 2, The starting material, i.e. some sort of tree, is cut 
into suitable lengths (logs) which are then barked in a barking drum for instance and 
thereafter passed to a chipper in which the lengths of wood (the logs) are chipped. The 
chips may then be screened to obtain chips of an appropriate size, whereafter the chips are 
processed to form pulp. The chips may optionally be steamed and washed. None of these 
manufacturing stages just mentioned has been shown in the accompanying flow sheet. 

The wood chips are preheated in the vessel 2 to a temperature of slightly 
more than 100**C for instance, and at a steam pressure of 50 kPa for instance over a flow 
time of 3 minutes, for instance. 

The preheated chips are fed through the conduit 3 to a cyclone 4 in which 
surplus steam is removed from the chips and the chips are then fed into the refiner 6 via the 
conduit 5. Commercially available refiners have been described in the introductory 
passages of this document. The chips are subjected in the refiner 5 to elevated pressure, 
e.g. 300-600 kPa, and to elevated temperature, e.g. 130-160*^C. As the chips are caused to 
pass through the space (gap) between the refining discs, of which one is stationary and one 
rotates at high speeds for example, the wood fibres are defibrated essentially such as to 
result in a pulp in form of a pulp suspension. The pulp consistency may lie at about 40%. 
The coarseness of the pulp is determined by the defibration energy to which the chips are 
subjected. The specific energy input in the first refiner will normally lie within the range of 
700-1200 kWh per tonne of dry lignocellulose material, in this case wood. When pulp is 
referred to as having a given coarseness, it is meant that the fibres have not been defibrated 
to one hundred percent and that the pulp will contmn a significant amount of material that 
has not been completely defibered, this material being in the form of knots and other fibre 
agglomerates that contain varying numbers of interconnected fibres. The coarseness of the 
pulp is determined and given a freeness number. The most common freeness number is the 
CSF number, CSF standing for "Canadian Standard Freeness". 

The pulp suspension is passed through the conduit 7 to a cyclone 8 in which 
the pulp suspension is fi-eed from surplus steam. The pulp suspension, which has a pulp 
consistency of about 40%, is then passed to a second refiner 10 through the conduit 9. The 
pressure in this refiner may also be 300-600 kPa and the temperature 130-160**C. The 
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energy input of this second refiner 10 is normally kept lower than in the case of the first 
refiner 6 and will normally lie within the range of 500-1000 kWh per tonne of dry pulp. 

The pulp suspension defibered in a second stage is passed through the 
conduit 11 to a cyclone 12 in which the suspension is fi'eed firom surplus steam, said pulp 
being much less coarse and thus having a much lower fi-eeness number than the pulp 
leaving the fist defibration stage. The pulp suspension is then passed to a slusher (latency 
pulper) 14 through the conduit 13, which may consist of a screw conveyor. The pulp 
suspension fed into the slusher may have a pulp consistency of about 40% which is 
decreased in the slusher 14 to about 2-4% for instance with the aid of white water 
delievered through the conduit 15. The temperature in the slusher 14 will normally be from 
80 to 95**C and the residence time will normally be 2-5 minutes. The pulp suspension is 
passed fi-om the slusher 14 at said pulp concentration to the storage vessel (latency chest) 
17, via the conduit 16, Further white water can be delivered to the pulp suspension at the 
described location (not shown in the drawing) so as to fijrther decrease the pulp 
consistency, for instance by 0.5-1%. The temperature in the latency chest 17 is normally 
70-80**C and the residence time is longer than the residence time in the slusher 14 and will 
normally be firom 10 to 30 minutes. The pulp fibres are allowed to straighten out in the 
latency chest 17, 

The pulp suspension is fed fi*om the latency chest 17 to the screening 
department 19 through the conduit 18 at a pulp consistency of 2.5% for instance. It is 
preferred that the pulp consistency will be very low in the screening department, i.e. a 
consistency of below 1%, and it is therefore necessary to add further white water to the 
pulp suspension. The white water addition can be made in the conduit 18 or in the 
screening department 19 (not shown in the drawing). The pulp accepted in the screening 
process, i.e. the accept pulp suspension, is passed through the conduit 20 to a dewatering 
filter 21 at a pulp consistency of less than 1%, said consistency being raised to, e.g., 10% 
in the fiher 21 . The pulp suspension is passed fi*om the dewatering filter 21 to the storage 
tower 23 through the conduit 22. Although not shown in the drawing, the pulp suspension 
is diluted with white water on its passage to the storage tower 23 or in said storage tower 
itself, so as to obtain a pulp consistency of 4-5%, for instance. The pulp suspension is 
passed fi*om the storage tower 23 to a paper machine for instance through the conduit 24, 
as required. 
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Certain plants include a finished pulp vessel (not shown in the drawing) 
placed somewhere between the dewatering filter 21 and the storage tower 23. In such 
cases, the pulp suspension can be diluted with white water in said location in two stages, 
i,e. both upstream of or in the finished pulp vessel, so as to obtain a temporary pulp 
consistency of about 5-6%, and downstream of said finished pulp vessel or in the storage 
tower 23 itself so as to obtain a pulp consistency of about 4-4.5% in said storage tower 23. 
The temperature in the storage tower 23 may be about 60**C. 

The reject pulp suspension is passed fi"om the screening department 19 to a 
screw press 26 via the conduit 25 at a pulp consistency of about 4%. The reason why this 
pulp suspension flow has such a comparatively high pulp consistency is because the reject 
pulp is caused to pass through a curved screen (not shown in the drawing) in an ultimate 
screening stage for instance, therewith raising the pulp consistency from below 1% to 
about 4%. The pulp consistency of the reject pulp suspension is raised to above 30% in the 
screw press 26 and, for instance, as high as 35%. 

The reject pulp suspension is fed to the refiner 28 at this high pulp 
consistency, via the conduit 27. The pressure in this refiner is comparatively low, for 
instance a water vapour pressure of 150 kPa while the prevailing refiner temperature is 
about 1 lOX. The energy input of the reject refiner 28 would normally range fi-om 1000- 
1400 kWh per tonne of dry reject pulp. Subsequent to defibration, the reject pulp 
suspension is passed to the slusher 3 1 through the conduit 30. The incoming pulp 
suspension has a pulp consistency of about 35%, which is then lowered to, e.g., about 3% 
by adding white water through the conduit 32. The temperature in the slusher 3 1 is about 
85-90**C and the flow time, or residence time, is fi*om 2-4 minutes, for instance. The reject 
pulp suspension is then passed to the latency chest 17, through the conduit 33, 
Alternatively, the flow of reject pulp suspension can be fed to the conduit 16. 

Hitherto, bleaching of thermomechanical pulp has not been mentioned. 
According to known technology, such bleaching can be effected in at least a couple of 
ways. In one known method, a reductive bleaching agent, for instance sodium dithionite, is 
added to the pulp suspension in the form of an aqueous solution immediately upstream of 
or in the finished pulp vessel (when such a vessel is used) or immediately upstream of or in 
the storage tower 23. In this location, the temperature is normally within the range of 40- 
eO^'C for instance, which has hitherto been considered to be the optimal range for a good 
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bleaching result. The storage tower has fixrthermore a large volumetric capacity and, as the 
name implies, is a tower, which has certain similarities with a bleaching tower, sometimes 
used in conventional bleaching process. It is known in such bleaching process to add a 
complexing agent to the system and also to exclude such an addition. When the bleaching 
5 process includes the addition of a complexing agent, the complexing agent may be added 
immediately upstream of or in the first refiner 6, or immediately upstream of or in the 
second refiner 10, or at both of these locations. 

Distinct fi'om the known technology, any known reductive bleaching agent 
may be added to the pulp suspension in accordance with the inventive method, although 
with dithionite being a preferred bleaching agent, somewhere between the location 10, i.e, 
the second refiner, and the location 19, i.e. the screening department. When defibration is 
effected in only one stage, the bleaching agent is delivered to the pulp suspension 
somewhere between location 6, i.e. the first refiner, and location 19, i.e. the screening 
department. 

There are a number of preferred addition locations. Most preferably, the 
bleaching agent is added in the form of an aqueous solution in the pulp pump located at the 
outlet of the slusher 14 (not shown in the drawing), said pump functioning to feed the pulp 
suspension, which has a pulp consistency of 2-4% for instance, to the latency chest 17 
through the conduit 16. At this system location, the pulp suspension will normally have a 
temperature of 80-95'*C, this high temperature probably being one of the explanations as to 
why an extremely good bleaching result is obtained when adding the bleaching agent m the 
described location. Another reason may be that the pump functions as a good mixer, i.e. 
causes the bleaching agent to be distributed quickly and uniformly throughout the pulp 
suspension. Furthermore there is a theory that the bleaching agent shall be added to the 
pulp suspension relatively quickly after the fibre defibration, therewith minimizing the 
negative effect of atmospheric oxygen on certain chromophore groups in the pulp. In other 
words, the bleaching agent is able to render these groups harmless before they are 
permeated by the atmospheric oxygen. This is precisely the case with the inventive 
method, as wll be evident fi'om the foregoing. 

Other preferred addition locations are: in the conduit or screw conveyor 13 
upstream of the slusher 14; directly in the slusher 14; or by mixing the bleaching agent 
with the white water that is normally delivered to the slusher 14 via the conduit 15. 
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The reductive bleaching agent may alternatively be added in the latency chest 
1 7 and, for instance, in the pump (not shown in the drawing) positioned immediately to the 
right of the latency chest 17 and functioning to transport the pulp suspension to the 
screening department 19, even though these addition locations are not preferred locations. 
The reductive bleaching agent may alternatively be added akeady in the conduit 7 when, 
for instance, only one refiner is used, or in the conduit 1 1 when two refiners are used. 

Although it is preferred to add the bleaching agent at a location in which the 
pulp concentration is low, for instance 2-4%, implying that essentially centrifiigal pulp 
pumps are required to transport the advancing pulp suspension, it is fully possible to allow 
the pulp concentration to be as high as 15% or more at the described addition locations, 
while advancing the pulp suspension with the aid of pumps for medium pulp consistencies. 
A good bleaching response is also obtained with such an inventive method. 

According to one preferred embodiment of the invention, a complexing agent 
is added to the lignocellulose material (the wood) and/or the pulp suspension at one or 
more locations. For instance, the complexing agent can be added to the wood by supplying 
the chemical concerned in the cyclone 4, The cyclone 8 is another suitable addition 
location. Naturally, the complexing agent may be added in both of these locations or in the 
same location as that in which the bleaching liquor is delivered to the pulp suspension, 
optionally in mixture with said bleaching liquor. Suhable complexing agents and suitable 
addition charges or quantities have been mentioned earlier in this document. The addition 
of complexing agents in the manufacture of bleached thermomechanical pulp for instance 
is known to the art. 

According to the invention, it is fully possible to restrict bleaching of the pulp 
to the hitherto described limit, that is to say without bleaching the flow of reject pulp taken 
fi-om the screening department 19 via the conduit 25 and returning this reject pulp to the 
main pulp flow via the conduit 33, for instance in the latency chest 17. 

However, the reject pulp may akernatively be bleached prior to its 
introduction into the main pulp flow. This bleaching process may be effected with both an 
oxidizing and a reducing bleaching agent. 

It is particularly preferred to carry out the bleaching with a reductive 
bleaching agent, for instance with dithionite. The bleaching agent addition location most 
preferred is in the pump (not shown in the drawing), which is situated at the pulp 
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suspension outfeed location from the slusher 31. Other preferred bleaching agent addition 
locations are: in the conduit 30 upstream of the slusher 31; directly in the slusher 3 1; and 
by mixing the bleaching agent in the white water that is normally delivered to the slusher 
31 through the conduit 32. 

In order to achieve truly high final brightnesses, it is suitable to add bleaching 
agent at three positions, i.e. a reductive bleaching agent in the earlier mentioned locations 
relatively early in the advancement of the main pulp suspension plus a reductive or 
oxidizing bleaching agent to the reject pulp suspension flow, plus a reducing or oxidizing 
bleaching agent late in the advancement of the main pulp suspension, for instance at or in 
the finished pulp vessel and at or in the storage tower. 

The manufacture of bleached chemithermomechanical pulp, which is also 
included by the invention, coincides to a large extent with the aforedescribed. The largest 
and practically the sole difference resides in the substitution of the chip preheating vessel 2 
with an impregnation device, for instance a so-called PREX impregnator, in which a 
sodium sulfite solution having a relatively low Na2S03 content per litre of solution is 
normally supplied to the chips. A number of other chemicals may also be supplied to the 
chips at this system location, such as a complexing agent for instance. The chips are 
permitted to react with said chemical or chemicals over a relatively short period of time at 
an elevated temperature and in a steam atmosphere, whereafter the chips are passed to a 
cyclone for instance, and from there to a refiner in which the chips are defibered, and so 
on. This pulp of type CTMP is bleached in the aforedescribed manner in accordance with 
the invention. 

Example 1 

Barked spruce wood of Scandinavian origin was chopped into chips, 
screened, steamed and washed and then passed to the preheater 2 through the conduit 1 A 
steam pressure of 50 kPa prevailed in the preheater. The wood chips were then passed fi-om 
the preheater 2 to a first refiner 6 via the cyclone 4, i.e. the steam separator. The 
complexing agent EDTA was deUvered to the chips in the cyclone 4 in an amount (charge) 
corresponding to 0.4 kg per tonne of dry wood. The chemical was added in aqueous 
solution containing 400 gA, and the solution was added at a flow rate corresponding to the 
aforesaid charge. 
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The refiner 6 was a JulhSvaara SD62 refiner. The pressure in the refiner was 
450 kPa and the energy input was 1 100 kWh/tonne of dry wood. Subsequent to refining or 
defibration, the pulp suspension had a consistency of about 40% and the pulp fireeness was 
determined as about 400 CSF. The pulp suspension was passed to a second Jylhavaara 
5 SD62-type refiner 10 via the cyclone 8 in which surplus steam was removed. This refiner 
also had a pressure of 450 IdPa and an energy input of 730 kWh/tonne dry pulp. The pulp 
suspension fed fi-om the refiner 10 had a consistency of about 40% and a fi-eeness of 130 
CSF. 

This pulp suspension was passed to the slusher 14 and white water was added 
10 so as to obtain a pulp consistency of 3%. The temperature in the slusher 14 was within the 
range of 85-90**C and the pulp suspension flow time or residence time was 3 minutes. 

The pulp suspension was then transported (pumped) to the latency chest 1 7. 
Further white water was added, so as to lower the pulp consistency in the latency chest 1 7 
to 2.5%. The temperature fell slightly and lay within the range of 70-75T. The pulp 
15 suspension flow time or residence time was 20 minutes. The temperature of the pulp 
suspension naturally falls with the distance and time lapse fi-om the second defibering 
stage, i.e. the defibration in the refiner 10. 

The pulp suspension was then transported (pumped) to the screening 
department 19. The pulp suspension was divided into two flows. The flow of accept pulp 
20 suspension comprised about 60% of the starting pulp and the flow of reject pulp 

suspension corresponded to about 40% of this starting pulp. The accept pulp was passed at 
a pulp consistency of 0.5% to the dewatering filter 21, where said consistency was raised 
to 10%. The pulp suspension was then transported to a finished pulp vessel White water 
was added to the suspension so as to obtain a pulp consistency in the finished pulp vessel 
25 of 5.5%. The temperature was within the range of 60-65**C. The pulp suspension was then 
pumped to the storage tower 23 and fiirther white water was added, so as to lower the pulp 
consistency to 4%. The temperature in the storage tower 23 was about 60**C. 

There was delivered to the pump at the outlet fi-om the finished pulp vessel an 
aqueous solution of sodium dithionite with a concentration of 60 g/1 at a rate of flow 
30 corresponding to a bleaching agent charge of 6 kg per tonne of dry pulp. The temperature 
of the pulp suspension at this location was about 60*C and its pH-value was 5.0. No 
bleaching agent was added to the flow of reject pulp. Instead, the reject pulp flow was 
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treated entirely in accordance with what can be seen from the flow sheet of Figure 1, and 
was finally fed into the latency chest 17 with no bleaching agent addition as before 
mentioned. 

Immediately downstream of the location 10, the brightness of the pulp was 
61% ISO determined in accordance with the measurement method SCAN P3:93, When 
leaving the storage tower 23, the bleached pulp had a brightness of 67% ISO. Thus, the 
brightness of the pulp was increased by 6% ISO brightness units as a resuk of adding 6 kg 
sodium dithionite per tonne of dry pulp at the described location. 

This example illustrates the application of conventional technology and 
constitutes a reference example. 

£xample 2 

The aforedescribed test was repeated, but with two differences. 

One difference comprised adding a sodium dithionite solution m the pump 
immediately downstream of the slusher 14, instead of adding a similar solution in the 
pump immediately downstream of the finished pulp vessel. The temperature of the pulp 
suspension at this location was 87^*0 and its pH value was 4.6. The sodium dithionite was 
charged m an amount corresponding to 4 kg per tonne of dry pulp. 

The second difference comprised adding no complexing agent to the wood 
chips at location 4. 

In this test, the brightness of the pulp immediately downstream of location 1 0 
was 59% ISO and the brightness of the finished pulp (i.e. when the pulp had left the 
storage tower 23) was 67% ISO. Thus, a comparatively low charge of dithionite as small as 
4 kg per tonne of dry pulp surprisingly resulted in an increase in brightness, more 
specifically in an increase of 8% ISO brightness units. 

Example 3 

The test according to Example 2 was repeated but with the difference that the 
complexing agent EDTA was added to the chips at location 4 in an amount corresponding 
to 1 kg per tonne of dry wood. 

As a result of this addition of complexing agent, the brightness of the pulp 
immediately downstream of location 10 increased by 1% to 60% ISO. The finished pulp 
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had a brightness of 68,8% ISO, le. an increase in pulp brightness of fiilly 8.8% ISO 
brightness units caused solely by the bleaching agent and then with a bleaching agent 
charge as low as 4 kg per tonne of dry pulp. 

Example 4 

This test was carried out in accordance with a preferred embodiment of the 
invention. The test according to Example 3 was repeated in full, ahhough with the 
exception of an additional step in which sodium dithionite bleaching agent was also added 
to the flow of reject pulp, which constituted 40% of the main pulp flow. Sodium dithionite 
solution was delivered to the pump at the outlet from the slusher 3 1 in a concentration of 
60 g/1 and at a flow rate such as to achieve a charge of 6 kg sodium dithionite per tonne of 
dry pulp. The temperature of the pulp suspension at this location was 85^*0 and its pH was 
5. L The pulp consistency was 3%. The brightness of the pulp immediately downstream of 
location 10 was 62.5% ISO, 

The brightness of the finished pulp, i.e. in the conduit 24, was 72.3% ISO. 
The brightness of the pulp was increased by 9.8% ISO brightness units, with a total 
addition of 6.4 kg sodium dithionite per tonne of dry pulp. 

Example 5 

The test according to Example 4 was repeated but with the lone diflference of 
lowering the sodium dithionite charge immediately downstream of location 14 from 4 kg 
per tonne of dry pulp to 2 kg per tonne of dry pulp. The brightness of the pulp immediately 
downstream of location 10 was 62.5% ISO. The brightness of the finished pulp was 69.2% 
ISO. A total charge of the bleaching agent sodium dithionite as low as 4.4 kg per tonne of 
dry pulp resuked in an increase in brightness of 6.7% ISO brightness units. 

Example 6 

The test according to Example 4 was repeated but with the lone difference 
that the bleaching agent sodium dithionite in the form of an aqueous solution and 
containing 60 g Na2S204 per litre was also added in the pump from the finished pulp vessel 
at a rate of flow such as to obtain a bleaching agent charge of 4 kg per tonne of dry pulp at 
this location. 
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The brightness of the pulp immediately downstream of location 10 was 

60.5% ISO. 

The brightness of the finished pulp, i.e. in the conduit 24, was 74.5% ISO, 
which is a high degree of brightness in respect of thermomechanical pulp bleached solely 
5 with sodium dithionite. The brightness of the pulp was mcreased by 14% ISO brightness 
units, with a total charge of 10.4 1^ sodium dithionite per tonne of dry pulp divided 
between the three addition locations in the pump immediately downstream of the slusher 
14, in the pump and the outlet from the slusher 31, and in the pump immediately 
downstream of the finished pulp vessel. 
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CLAIMS 

1 . A method for manufacturing bleached mechanical and chemithermo- 

mechanical pulp including that lignocellulose material, preferably wood in chip form, is 
caused to pass through at least one preheater or through a chemical treatment system, a 
steam separator and a refiner in which the lignocellulose material is converted to a pulp 
5 suspension which, subsequent to steam separation, is passed at least to one storage vessel 
(latency chest) and to a screening department from which the major part of the pulp 
suspension is taken out as an essentially fmished product or is taken out and passed to 
further treatment stages and in which reductive bleaching agent is added to the advancing 
pulp suspension without the use of a bleaching tower or like means, 
10 c haracterizedby adding the bleaching agent at a location downstream of the refiner 
and upstream of the screening department; and bleaching said pulp under the given drastic 
condition from the aspect of temperature and the given minimized oxygen access at said 
location and immediately downstream of said location. 

2. A method according to Claim 1, characterized by adding complexing 
15 agent to the lignocellulose material upstream of and/or in said refiner. 

3. A method according to Claims 1-2, c h a r a c t e r i z e d by passing the 
pulp suspension immediately subsequent to said steam separation to a second refiner for 
further refinement (defibration) of said pulp and fi-om there to fiirther steam separation. 

4. Ametfaod according to Claim 3, characterized by adding complexing 
20 agent to the pulp suspension immediately upstream of and/or in said second refiner. 

5. A method according to Claims 1t4, c h a r a c t e r i z e d by also passing the 
pulp suspension to a slusher (latency pulper) located immediately upstream of the storage 
vessel (the lataicy chest). 
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6. A method according to Claim 5, c h a racterized byaddingthe 
bleaching agent to the pulp suspension in a pump located in connection with the slusher, 
said pump being caused to transport the pulp suspension to the storage vessel in a pipe. 

7. A method according to Claims 1-6, characterized by causing reject 
pulp suspension from the screening department to pass through a refiner and thereafter 
through a slusher whereafter said reject pulp suspension is finally fed into the main pulp 
suspension flow, preferably upstream of and in connection with the storage vessel (the 
latency chest) or in the storage vessel (the latency chest). 

8. A method according to Claim 7, characterized by addmg bleaching 
agent to the reject pulp suspension at a location downstream of the refmer in that circuit 
and prior to introducing the reject pulp suspension into the main pulp suspension flow. 

9. A method according to Claim 8, c h a r a c t e r i z e d in that the bleaching 
agent is a reducing bleaching agent. 

10. A method according to Claims 8-9, characterized by adding the 
bleaching agent to the reject pulp suspension in a pump located in connection with the 
slusher in this circuit. 

11. A method according to Claims 1 -1 0, c h a r a c t e r i z e d in that the 
tOTiperature of the pulp suspension is very high from a bleaching aspect, preferably 
80-95°C, at the location at which the bleaching agent is added and immediately 
downstream of said location, and in that the solid content or concentration is low, 
preferably 2-4%, at said location, 

12. A method according to Claims 1-11, characterized in that the 
bleaching agent is dithionite, for instance sodium dithionite = Na2S204. 
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^ Hagemasvagen 8, 9 tr, 

I^J; Mailing Address: S-183 66 Taby (SB) 



m 



jgil Citizenship Swedish 



^ M Date ,2g^0^ Fifth Inventor JohannaMAGNUSSQN 

^ ^ . V riJUNS rne Middle Initial Last Name 



[ilj V ' — -riiU NSfnT* 

lf(,| Residence Uppsal^ Sweden SEfX^ Signature 

%^ "City State/Couni 

« Ymergatan 13C 

|f I Mailing Address: S-753 23 Uppsala (SE) 

Citizenship Swedish 




Date Sbtth Inventor 

FirstName Middle Initial LastNatt^ 

Residence Signature 

City State/Country 



Mailing Address: 



Citizenship 



